Delayed rod ERG b-waves in patients with an unusual retinal dystrophy have been attributed by some to an abnormality in receptor cGMP activity. Here the sites of disease action are studied by analyzing rod and cone ERGs using new analytical methods and a wide range of stimulus intensities. Consistent with previous reports, the five patients studied showed rod b-waves that were normal or supetlaormal in amplitude in response to intense flashes, but smaller than normal and markedly delayed in response to weaker flashes. The cone ERGs, recorded to 29 Hz flicker and to flashes upon a background, were smaller than normal and also showed delays. Models of phototransduction fitted to rod and cone a-waves indicated that the delays in the rod and cone bwaves were not due to the speed or amplification of the transduction process. An analysis of the derived inner nuclear layer (INL) response suggests that the sites of disease action are beyond the outer segment and involve a delay in the activation of INL activity.
INTRODUCTION
In 1983 an unusual retinal dystrophy was described in two siblings (Gouras, Eggers & MacKay, 1983) . The brother and sister showed reduced visual acuity, abnormal color vision, granularity of the macula and a cone ERG reduced in amplitude, all features of cone dystrophies. However, their rod ERGs suggested a form of cone dystrophy unlike those previously reported. In particular, the rod b-wave was supemormal in amplitude in response to intense flashes, but smaller than normal and markedly delayed over a lower range of flash intensities. Because similar changes had been reported from rod receptors in which intracellular cGMP had been elevated (e.g. Ebrey & Hood, 1973; Lipton, Rasmussen & Dowling, 1977; Nicol & Miller, 1978) , it was suggested that the basis for the abnormalities in the rod ERG might be an increase in intracellular cGMP in the rod photoreceptor secondary to a defect in the enzyme phosphodiesterase (Gouras et al., 1983) .
Since the first report, other studies have reported essentially identical ERG findings (Alexander & Fishman, 1984; Yagasaki, Miyake, Litao & Ichikawa, 1986; Foerster, Kellner & Wessing, 1990; Sandberg, Miller & Berson, 1990; Kato, Kobayashi & Watanabe, 1993; Rosenberg & Simonsen, 1993) . Although all of the studies show reasonable agreement on the characteristics of the disorder, the bases for these abnormalities are disputed. The original notion of a receptor-based, cGMP defect was supported by experiments that showed similar changes in the rod ERG could be produced in a cat eye treated with a phosphodiesterase inhibitor to elevate cGMP (Pawlyk, Sandberg & Berson, 1991) . However, Schneider and Zrenner (1986) had previously shown that the consequences of elevated cGMP were not simple to predict. The cat's rod responses, as measured with the ERG, could be made more or less sensitive than normal depending upon the concentration of the phosphodiesterase inhibitor. In any case, the cGMP hypothesis as stated for these patients predicts that there should be abnormalities in their rod a-waves (Gouras et al., 1983; Sandberg et al., 1990) . Although some investigators find abnormal a-waves in these patients (Sandberg et al., 1990) , others report a-waves that are near normal and hypothesize post-receptoral loci of disease action (Rosenberg & Simonsen, 1993; Kato et al., 1993; Foerster et al., 1990) . Defects in phototransduction can now be distinguished from abnormalities in receptor-driven inner nuclear layer (INL) activity by applying new analytical methods to the ERG (Hood & Birch, 1990a ,b, 1992 , 1993b  Cideciyan & Jacobson, 1993; Breton, Schueller, Lamb & Pugh, 1994) . With these new techniques, we assess both rod and cone receptor and post-receptoral activity in five patients with this unusual retinopathy.
METHODS

Subjects
The five patients in this study included two pairs of siblings and one simplex case; there was no known parental consanguinity in the three families. The patients ranged in age from 13 to 44 yr (see Table 1 ). All patients underwent a complete eye examination and visual function tests. The tenets of the Declaration of Helsinki were followed and all subjects gave informed consent after a full explanation of the procedures was given.
Visual fields
Static perimetry was performed using 500 and 650 nm stimuli and a dark-adapted eye, and a 600 nm stimulus and a light-adapted eye. A full-field test strategy with 75 loci on a 12 deg grid was used. Kinetic visual fields were measured with a Goldmann perimeter using the V and I targets at intensity 4e. Details of perimetric methods have been published 0acobson, Voigt, Parel, Apathy, NghiemPhu, Myers & Patella 1986; Jacobson, Yagasaki, Feuer & Roman, 1989) .
Electroretinography
All ERG responses were obtained to full-field stimuli with methods previously described (Jacobson et al., 1989; Cideciyan & Jacobson, 1993; Jacobson, Kemp, Cideciyan, Macke, Sung & Nathans, 1994) . Three sources were used for the protocols described below. The standard clinical and the lower intensity series were obtained with a GS-2000 Stimulator from Nicolet Biomedical Instruments. The flashes for the high intensity rod and cone series were produced by a MW8QV xenon flash tube and a 2401B power supply (Speedotron Corp). Recordings of the cone "on" and "off" component were obtained with a continuous light source (halogen ENG projector lamp) interrupted by an electromechanical shutter (Uniblitz VS62). Light intensities are given in scotopic (scot td) and photopic (td) trolands based upon an 8 mm pupil.
Standard clinical protocol. Responses were obtained from all patients using a standard clinical series (Marmor, Arden, Nilsson & Zrenner, 1989) . Dark-adapted rod ERGs were elicited with a dim short-wavelength ("blue") flash (-0.1 log scot td-s), a dark-adapted mixed cone and rod ERG with a bright white flash (2.4 log td-s), cone ERGs at 1 Hz with white flashes (1.5 log td-s) on a white background light of 3.2 log td, and cone flicker ERGs at 29 Hz with white flashes (1.5 log td-s) on a white background of 2.5 log td. The means for a group of 37 normals are given in Table 1 .
As part of the standard clinical protocol, flicker ERGs were elicited by the 29 Hz flashes at intensities ranging from -0.1 to 2.41ogtd-s on a white background of 2.5 log td, and cone ERGs were elicited by white flashes at intensities ranging from 0.3 to 2.6 log td-s on a white background of 3.2 log td (Yagasaki, Jacobson, Apathy & Knighton, 1988) .
Lower intensity rod ERG series. Responses to shortwavelength ("blue") (W47B) flashes ranging over about 3 log units to a maximum of 1.9 log scot td-s were elicited from the dark-adapted eye. Photopically matched long-wavelength ("red") flashes (W26) were presented to check for cone intrusion at the higher flash intensities.
High intensity rod series. Responses to short-wavelength ("blue") flashes (W47A) ranging from 0 to 4.6 log scot td-s were elicited from the dark-adapted eye of four of the patients. Photopically matched longwavelength ("red") flashes (W26) were presented to measure the cone contribution which was computer subtracted to produce a rod-only response (Birch & Fish, 1987; Sandberg et aL, 1990; Hood & Birch, 1990a,b; Cideciyan & Jacobson, 1993) . The records shown in all figures except Fig. 3 are uncorrected, while those used for fitting the rod phototransduction model in Fig. 3 uncorrected and rod-only responses unless the darkadapted ERG has a relatively large cone contribution as is the case in some patients with retinitis pigmentosa (RP) (Hood & Birch, 1994) . The model of rod phototransduction activation. The leading edge of the rod a-wave is the sum of the responses of individual rod outer segments (Hood & Birch, 1990a,b) and a model (Lamb & Pugh, 1992) of the activation phase of rod phototransduction describes its shape (Cideciyan & Jacobson, 1993; Hood & Birch, 1993b Breton et al., 1994) . In particular, the leading edges of the rod a-waves are described by
where the amplitude P3, named after Granit's receptoral component, is a function of flash energy i and time t after flash onset; S is a sensitivity parameter that scales flash energy i; Rmp3 is the maximum amplitude; and td is a brief delay.
Equation (1) was fitted to the patients' rod a-waves by setting td at 3.1 msec, the mean of the best fitting values for a group of normal subjects, and estimating two parameters [S (td-s)-lsec-2; Rmp3 (~V)]. The methods used are described in Hood and Birch (1994) . The parameters of best fit reported below and shown in Fig. 3 are for the rod-only a-waves; the fits to the uncorrected awaves had parameters within 0.05 log unit.
Rod deactivation paradigm. To assess deactivation of transduction, a paradigm developed for the ERG was used (Birch, Hood, Nusinowitz & Pepperberg, 1995) . A 5.41ogscottd-s flash (the conditioning flash) was followed by a short-wavelength ("blue") (W47A), 3.9 log scot td-s test flash (the probe). A photopically matched long-wavelength ("red") probe was used to measure the cone contribution to the short-wavelength ("blue") probe. The recovery of the amplitude of the response to the probe provides a measure of the return to baseline of the response to the conditioning flash. The amplitude of the rod a-wave was measured at 10 msec, a time long enough for the response to reach its maximum, but short enough to avoid contamination by the b-wave. Measurements were made of both the rod-only and uncorrected responses. As a check, the procedure used by Birch et al. (1995) was also followed. In particular, Equation (1) was fitted to the responses as described above and Rmp3 was estimated. Both procedures gave comparable results. One patient and two normal subjects were tested with the deactivation paradigm.
Cone "on" and "off" component recordings. White stimuli (400 msec duration) on a white background (3.2 log td) were presented every 10 sec to three of the patients. Three flash intensities from 4.1 to 4.9 log td were used (Cideciyan & Jacobson, 1993) .
High intensity cone ERG series and cone photoreceptor activation. To obtain cone ERGs to high flash intensities, long-wavelength ("red") flashes (W26; up to 4.1 log td-s) were presented to the light-adapted eye (3.2 log td white background) of two of the patients. The leading edge of the a-wave was fitted by a model based upon Equation (1) followed by a low-pass filter (Hood & Birch, 1993a ,b, 1995a . The procedures for estimating S and Rmp3 for the cone a-wave are described by Hood and Birch (1995a) . In brief, the values of td and the time constant of the low-pass filter were set to the mean of the normal values (1.7 and 1.8 msec) and the a-waves fitted as described above for the rods. Table 1 gives clinical data and standard protocol ERG results for the patients. The patients had long-standing disturbances of visual acuity and night vision. Visual acuities were reduced in all patients; the youngest (P1) had an acuity of 20/80, while the others showed 20/200 or worse. In all cases, the Famsworth D-15 panel showed color abnormalities with no specific axis of confusion. The macula by ophthalmoscopy had a granular appearance (P1 and P2), a circumscribed depigmentation (P3 and P5) or appeared normal (P4); the peripheral retina had no apparent abnormalities. Figure 1 shows results of kinetic and static perimetry [Fig. l(a) ] from a representative patient (P3). The kinetic field in P3 is full except for a relative central scotoma. All patients had a relative or an absolute central scotoma but the peripheral extent of the visual field was normal or nearly normal. The rod visual field in P3 shows a relatively uniform loss in rod sensitivity across the retina; the average loss was 1.8 log units. All patients showed a uniform rod loss with average rod sensitivity losses ranging from 1.8 to 2.2 log units. The cone visual field indicates sharply reduced sensitivity in the central retina with relatively mild losses in sensitivity in the periphery. Average cone sensitivity losses for all patients ranged from 0.2 to 0.6 log unit.
RESULTS
Standard ERG responses from P3 are shown in Fig.  l(b) . The "rod" ERG b-wave to a weak flash is markedly delayed. The rod dominated "mixed" ERG b-wave is larger than normal and also delayed. The amplitudes of these rod-dominated b-waves in all patients tend to be larger than normal for the higher intensity flash and normal or smaller than normal with prolonged implicit times for the lower intensity flash. The "cone" ERGs, both the light-adapted single flash responses and the flicker responses, show reduced amplitudes and increased implicit times in P3 and in the other four patients (Table   1) .
Rod ERGS
Rod ERG intensity series. The rod ERG abnormalities associated with this disorder are more apparent in the full response-intensity series ( Fig. 1 and Fig. 2 ). The solid symbols in Fig. l(c) are the rod b-wave amplitudes and implicit times for all patients for the lower intensity series (up to 1.9 log scot td-s). The open symbols and dashed curve show the mean, and the error bars the SDs, for a group of normals. The patients' responses to the weakest flashes were undetectable. When the rod b-wave is measurable in the patients, it is smaller than normal and considerably delayed. At the higher flash energies the patients' b-wave amplitudes approach or, for three of the patients, exceed the normal amplitudes. These highest intensity responses are also delayed in implicit times. The high intensity series shown in Fig. 2 overlaps the series in Fig. 1 by about 2 log units and extends this series nearly 3 log units further. In Fig. 2(a) the solid symbols show the data for four of the patients and the open symbols and dashed curve show the means with SD bars for a group of 11 normals. Figure 2(b) shows responses for the patients and a representative normal subject at four flash energies. There are two aspects of these data that deserve notice. Fir,;tly, increasing the intensities beyond about 2.3 log scot td-s has little effect on the amplitude or implicit time of the b-wave, and above this intensity the implicit times of the patients' b-waves approach the normal values, while at all intensities their b-waves are as large or la:rger than normal. Secondly, the differences in timing are more profound than suggested by the b-wave implicit tJimes. The records in Fig. 2(b) indicate that even at intensities for which the b-wave implicit time is near normal, the onset of the b-wave is delayed by 15 msec or so, leaving a sustained a-wave. This difference in waveforms cannot be attributed to a difference in cone involvement. Figure 3(a, b) shows the first 50 msec of the rod-only responses, the responses to the short-wavelength ("blue") flashes with the cone components removed, from patient 1 and from the normal subject shown in Fig. 2 . Delays in the post-receptoral rod response are apparent at all flash energies shown in Fig. 3 .
Activation of transduction.
To assess the activation of rod phototransduction in these patients, equation (1) was fitted to their rod-only responses as described above and the parameters of best fit were compared to a group of 12 normals. The dashed curves in Fig. 3 show the fit of the model to the records from patient 1 [ Fig. 3(b) ] and from the normal subject [ Fig. 3(a) ]. The model of phototransduction was fitted just to the leading edge of the awaves, but the predicted responses are shown for the first 50 msec in Fig. 3 . The normal subject in Fig. 3 has log S and Rmp3 values of 1.36 and --452/~V, very close to the means of a group of normal subjects (n = 14) of 1.41 (_ 0.14) and -441/~V (___ 52). The patients' values orS were well within the normal range; the log S values were 1.26 (P1), 1.34 (P2), 1.22 (P3), and 1.23 (P4). The values of Rme3 were below average for all four patients, in two cases by more than 2 SDs; the values were -339 (P1), -191 (P2), --246 (P3), and -181 #V (P4). Thus, to the extent there are differences between the patients and the normal a-waves, it is in Rmp3. In other words, to a first approximation, scaling the amplitude of the patients' awaves, by a factor of 1.3-2, will make them appear normal. Derived INL response. The delayed response of the INL reflected in the b-wave cannot be due to the activation phase of phototransduction. To obtain a better estimate of the response of the INL we use a technique described by Hood and Birch (1992) . In particular, the gross response of the INL can be derived by computer subtracting the response of the rod receptor from the ERG. Here we assume that equation (1) describes the first 50 msec of the rod response (Kraft, Schneeweis & Schnapf, 1993) , and subtract the dashed lines in Fig. 3 from the accompanying ERG to obtain the "derived rod INL response". The derived responses are shown in Deactivation of transduction. Although we have ruled out abnormalities in the activation phase of the transduction process, we have not excluded abnormalities in the deactivation of one or more of the stages of transduction. Figure 4 shows the results of the deactivation paradigm for a normal observer and patient 4. The recovery of the amplitude of the rod a-wave in response to the probe provides a measure of the return to baseline of the rod receptor's response to the conditioning flash. As seen in the records [ Fig. 4(a, b) ], the amplitude of the a-wave takes 60 sec or so to recover following conditioning flashes of 5.4 log scot td-s (Birch et al., 1995) . To quantify this recovery, the maximum a-wave amplitude was estimated for both the rod-only responses and the uncorrected responses as described above and these are shown in Fig. 4(c) . There is no evidence for a delayed deactivation of transduction in the patient. The recovery of the patient's a-wave is at least as rapid as the normal's. This conclusion holds whether the uncorrected (large symbols) or rod-only (small symbols) records are analyzed.
Figure 4(d) shows the recovery of the INL response to the probe flash (symbols) along with the a-wave recovery (lines without symbols) from Fig. 4(c) . As expected, the a-wave recovers faster than the INL response. But, as with the a-wave, the patient's INL response is recovering at least as fast as the non'nal subject's INL response.
Cone ERG 29 Hz response-intensity series.
Cone flicker responses are decreased in amplitude and delayed in time. Figure 5 shows sample responses to the 29 Hz stimulus for a normal subject and one of the patients. The dashed records are the response to the stimulus used in the clinical protocol (see Fig. 1 ) and the vertical line through the records in Fig. 5 mad~s a time of 27.6 msec, the mean implicit time of the group of normals for this stimulus energy. The implicit tiraes for the normal subject are greater than this value tor the highest and lowest flash energies. The patient's responses are smaller and slower than normal at all flash energies. The solid symbols in Fig. 5(c, d) show the peak amplitudes (c) and implicit times (d) for the five patients. The open symbols and dashed lines show the means for a group of 10 normal subjects with associated error bars. As flash energy is increased, the amplitude increases and approaches a maximum while the implicit time decreases and, at the highest flash energies increases again (Yagasaki et al., 1988; . The patient's records are smaller and slower at all flash energies. The large crosses are the means for the five patients multiplied by a factor of 1.8 for the amplitudes and adjusted by subtracting 8.0 msec in the case of the implicit times. In each case these adjustments bring the points for the upper flash energies into line. To a first approximation, the amplitudes appear to be decreased by the same factor at all flash energies, while there is some indication that the implicit time delays are greater at lower flash energies.
White flash response-intensity series. Cone ERGs to the white flashes upon a background (3.2 log td) are shown in Fig. 6 for a normal subject and one of the patients. The patient's waveforms are more rounded with less prominent peaks and post-receptoral potentials that appear delayed. Two identifiable post-receptoral potentials, the "peak" response and the first "positive component" (PC1) are indicated on the lower record for the normal subject. The potential labeled PC1 is the same as the potential recently measured in patients with RP (Hood & Birch, 1995b ) and appears to be the same as the filtered responses that others have called either OP1 (e.g. Peachey, Alexander, Derlacki, Bobak & Fishman, 1991; Kergoat & Lovasik, 1990; Murayama & Sieving, 1992) or OP2 (e.g. Lachapelle, Little & Polomeno, 1983) . Some have suggested that what we call the "peak" response is, at least in part, an "off" response (Nagata, 1963; Kojima & Zrenner, 1978; Waiters, Smith & Manny, 1981; Young, 1991; Alexander, Fishman, Peachey, Marchese & Tso, 1992; Sieving, 1993; Bush & Sieving, 1994) . Because the association of this potential with an off response is controversial (e.g. Nagata, 1963; Seiple & Holopigian, 1994) , it has been labeled elsewhere as the last (L) potential (Kojima & Zrenner, 1978; Hood & Birch, 1995b) . We call this potential the "peak" response here as it is not always easy to identify the "last" potential in the patients' waveforms. The bold dashed records are the responses to the flash energy used in the standard protocol (see Fig. 1 ) and the vertical lines mark the average normal implicit times for the PC1 and peak potential at this flash energy. The peakto-trough amplitude of the peak response is shown in Fig.  6(c) for the five patients (solid symbols and solid curves) along with the mean values of a group of normals (open symbols and dashed curves). The crosses are the mean of the patient values multiplied by 1.5. This scaling brings the potentials into line at the higher, but not the lower, flash energies.
Figure 6(d) shows the implicit times for PC1 and the peak potential. As flash energy is increased, the implicit time of PC1 gets shorter and the implicit time of the peak potential gets longer (e.g. Kojima & Zrenner, 1978; Lachapelle et al., 1983; Hood & Birch, 1995b) . The patients show implicit times that are delayed. The crosses are the mean of the patients' values shifted lower on the vertical (time) axis by 2.2 msec for PC1 but unshifted for the peak response. In both cases this produces agreement with the mean normal values for the upper flash energies, but not the lower. As in the case of the flicker responses (Fig. 5) , there is evidence of a larger delay at lower flash energies, especially for the peak response.
Cone ERGs to long flashes. It is clear from Fig. 6 that the positive potentials of the cone ERG are delayed. To assess whether these delays are characteristics of the on and/or off responses, cone ERGs were recorded to test lights 400 msec in duration. The patients' responses to the 400 msec flash show delays in the positive peaks of both the on-and off-responses. Sample records are shown in Fig. 7(a) . Fig. 7(b, c) shows the on-and off-responses for three patients (P1, P2, P4; solid lines) and two normal subjects (dashed lines). The dashed vertical lines are placed at the approximate a-wave peak of the onresponse [ Fig. 7(b) ] and at the peak of the off-response [ Fig. 7(c) ] in the normal subject. The onsets of the FIGURE 6. (a, b) Cone ERGs from a normal subject (a), and patient 1 (b) elicited by white flashes at energies ranging from 0.3 to 2.6 log td-s on a white background of 3.2 log td. The dashed line is the response to the standard protocol stimulus (Fig. 1) . The vertical dashed lines mark the implicit times of two components (PC1 and peak) of the waveform to this flash for a group (n = 10) of normal subjects. The calibration bar at the bottom of (b) applies to all waveforms. positive potentials of both the cone on-and off-responses are delayed in these patients. Analysis @cone a-waves. To assess whether the delays in the cone ERG can be attributed to the activation phase of cone phototransduction, the cone model of transduction was fitted to the leading edge of the a-wave for patients P3 and P4. Figure 8(a, b) shows the fits to the first 10 msec of the cone a-waves for the higher intensity long-wavelength ("red")flash series that ranged from 2,1 to 4.1 log td-s. The values of log S for the two patients were both 1.63, below t]ae average (1.82) of a group of normals but above the value (1.52) for 2 SDs below the mean. However, the values of Rmp3 (-45 #V) were about half the mean nonaaal value of 83 #V and smaller than the value (67 #V) for 2 SDs below the mean. As for the rods, the delays in the cone responses do not appear to have an origin in the outer segment. This can be seen in Fig. 8(c) where the patients' responses (solid records) are compared to the responses from two normals. To make this comparison each individual's responses were scaled by the ratio of the mean normal value of Rmp3 to that subjects Rmp3. This simple scaling of the cone a-wave amplitude produces a-waves with similar timing. The post-receptor components are still delayed, although less than at lower flash energies (Fig.   6 ).
DISCUSSION
The five patients reported here clearly exhibited the inherited retinal dystrophy reported by others as "supernormal rod ERGs with cone dystrophy" and "cyclic GMP-type retinal degeneration" (Gouras et al., 1983; Alexander & Fishman, 1984; Yagasaki et al., 1986; Foerster et al., 1990; Sandberg et al., 1990; Kato et al., 1993; Rosenberg & Simonsen, 1993) . Unlike many other retinal disorders that can be distinguished by clinical criteria alone, the ERG is required to make the diagnosis of this disease. By history or clinical examination alone, patients with this retinal dystrophy can be confused with juvenile macular degeneration, cone or cone-rod dystrophy, forms of stationary night blindness, early RP and even amblyopia. The characteristic ERG findings include a rod ERG that is below normal in amplitude and nondetectable at the lowest flash energies, but at the upper limits of normal or supernormal at the higher flash energies. The rod ERG b-wave is markedly delayed and this delay is most obvious at the lower flash energies. The cone ERG is recordable but reduced in amplitude and the b-wave delayed in implicit time.
Rod function Some have reported that these patients have normal or near normal rod a-waves (e.g. Foerster et al., 1990; Kate et al., 1993; Rosenberg & Simonsen, 1993) while others have reported abnormal a-wave slopes (e.g. Sandberg et al., 1990) . The slope of the rod a-wave is not a good measure since decreases in sensitivity [S in Eqn (1)] or maximum response [Rma3 in Eqn (1)] will both lead to a decrease in the slope of the leading edge of the a-wave. We find essentially normal sensitivity (S) but slightly abnormal maximum responses (Rmp3) for the rods. The reason for the depressed value of Rmp3 is not dear. The patients could have a reduced number of rods and/or shortened outer segments, both of which would yield a depressed value of Rmp3 (Hood & Birch, 1994; Breton et al., 1994) .
In any case, there is little evidence to support the hypothesized increase in cGMP in the rod photoreceptors. Firstly, an elevated level of cGMP should alter the activation phase of transduction (e.g. Ebrey & Hood, 1973; Lipton et al., 1977; Nicol & Miller, 1978) . The normal value of S in these patients indicates that the speed and amplification of the activation of the transduction process is normal (Hood & Birch, 1994; Breton et al., 1994) . Secondly, flash intensities that produced supernormal b-wave amplitudes produced rod receptor responses that were below normal in amplitude (Rnlp3). We observed no changes in the activation of transduction in these patients that could explain either the increased amplitude or the prolonged implicit time of the b-wave. Similarly, there is no evidence of a delay in the deactivation of transduction. According to the cGMP hypothesis the delays in the b-wave are due to a prolonged receptor response. In fact, the recovery of the cat's ERG is delayed by phosphodiesterase inhibitors (Schneider & Zrenner, 1986) . The deactivation of transduction experiment (Fig. 4) tested this aspect of the hypothesis. If the response to the conditioning flash was prolonged due to a delay in deactivation, then so would the recovery of the response to the probe flash be delayed. The patient's a-waves recovered at least as fast as normal following the conditioning flash. Thus, the outer segments appear to be functioning reasonably normally.
The problem must reside in the stages between the outer segment and the post-synaptic generation of INL activity as has been suggested in two previous studies (Foerster et al., 1990; Kate et al., 1993) . In fact, the data suggest that the activation phase of one or more of these stages is abnormal. The INL responses are delayed at intensities well above those that saturate the rods (see Fig. 3 ) and the recovery of the patients' b-waves seems reasonably normal. It is not clear what is causing the abnormality in INL activation. Whatever the cause, it acts to delay the onset of INL activation and this delay is greater for weaker flash intensities. Further, the mechanisms involved produce an approximate 2 log unit elevation in rod b-wave and rod psychophysical thresholds, but normal or supernormal rod b-wave amplitudes at higher flash intensities. Perhaps a slowed INL activation when coupled with a reasonably normal deactivation produces such results. It is not clear whether the affected site involves the receptor transmitter release, the synaptic cleft, or post-synaptic membrane.
Cone function
As previously reported, these patients exhibit features of a cone dystrophy as evidenced by maculopathy, reduced visual acuity, abnormal color vision, depressed central vision, and altered cone ERGs (Gouras et aL, 1983; Alexander & Fishman, 1984; Yagasaki et al., 1986; Foerster et al., 1990; Sandberg et al., 1990; Kato et al., 1993; Rosenberg & Simonsen, 1993) . However, to our knowledge this is the first: study of cone ERG function in these patients beyond reports of standard cone clinical ERGs (Fig. 1) . The previous studies reported that the cone flicker ERGs to standard clinical stimuli are reduced in amplitude and delayed in implicit time. For example, Rosenberg and Simonsen (1993) reported that their patients had flicker responses reduced to 20--60% of normal with implicit times delayed by about 12 msec, close to the values we observed. For the patients in the present study, the timing of the cone a-wave and the actiwation of cone phototransduction seem relatively normal. However, the post-receptoral potentials, including both the on and off components, are delayed. Recently, Hood and Birch (1995b) observed that PC1 and the peak response (PCL in their study) were delayed in patients with RP and that these delays were caused largely by changes beyond the phototransduction stage. As in the present study, the delays in the peak response were greater at lower flash intensities and approached normal values for more intense flashes. However, in contrast to our findings, the patients with RP showed PC1 components that were equally delayed at all flash intensities by amounts that in some cases were twice those observed here,. Both groups of patients also show delayed flicker responses. The delay in the flicker response with RP was attributed largely to the delay in the peak responses (Birch & Sandberg, 1987; Hood & Birch, 1995b ). This conclusion probably holds for the patients in the present study as the flicker and the peak response are delayed by a comparable magnitude for the flicker intensity used in the clinical protocol. In any case, it is interesting that both diseases appear to be producing delays in the cone retinal responses that must have their origin beyond the cone outer segment.
For the patients studied here, the results suggest that the defect in the cone system bears a resemblance to the problems in the rod system. In particular, cone phototransduction appears near normal in sensitivity and timing and the INL responses are delayed, with some suggestion that the delays are greater at the lower flash intensities. Whatever the retinal problem contributing to the abnormal cone ERGs, it is likely to have the same basis as the rod abnormalities and to involve delays in the activation of the INL responses.
Conclusion
Both the rod and cone results point to sites of disease action that are beyond the outer segment and involve a delay in the activation of the INL. To distinguish this defect from other cone dystrophies, it has been referred to as a "cGMP type retinal degeneration" (Sandberg et al., 1990 ). Although our evidence makes a defect in the cGMP cascade of the photoreceptor seem unlikely, we cannot completely exclude a post-outer segment cGMP abnormality. However, unless cGMP is established as a cause for this problem or a molecular genetic basis is discovered, we suggest a more descriptive term such as "Supernormal and Delayed Rod ERG Syndrome".
